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Catadioptric omnidirectional system with undistorted imaging

FAN Zhi-Gang', WANG Fang-Bo', CHEN Shou-Qian', FENG Li-Tong”
( 1. Research Center of Space Optical Engineering, Harbin Institute of Technology, Harbin 150001, China;
2. Tianjin Jinhang Institute of Technical Physics, Tianjin 300192, China)
Abstract: A catadioptric system uses a combination of lenses and mirrors placed in a carefully
arranged configuration to capture a much wider field of view. However, images obtained by u-
sing a single-viewpoint catadioptric omnidirectional system have a large amount of visual dis-
tortion. To design a catadioptric omnidirectional system with undistorted imaging, appropriate
surfaces were presented. The surfaces preserved a linear relationship between the angle of inci-
dence of light onto the surface and the angle of reflection onto the imaging device, as does a
normal mirror. The reflective mirror and the lens were designed for a catadioptric omnidirec-
tional camera with the F number 3. 3 and the field of view 138°. The modulation transfer func-
tion is better than 0. 6 at 66.7 lp/mm and the distortion is less than 4% over the whole active
area of the image sensor. The deduction of the reflective surfaces offers an essential model and
a computing method to design a catadioptric omnidirectional system with undistorted imaging.
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Fig. 1 Model of flat cylinder perspective
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Fig. 2 Model of cadadioptric omnidirectional

imaging system
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Fig. 3 Schematic illustrating of the operating principle of

the reflective surface
e e f o J 3 5 1) X kil (B R IR AR AR &R Z
il 5 SR RGO E & AT XT T Z 4
TR RSB o DR L o K = 2 R R A b A 41 T
FARIR RSN . BEAGHCL S B B 05 10 9k
i @ A S IO O RS T AR T [ Y R A 0



RLRDGEE 2011,32(5) AN, & I M A2 AR AT I & 5 IR R e it - 819 -

NS ASEOCERTE SO 5 M i b SO s 5t
MR A N GRS, N sy BEAR /N L CRP
FRAR I G20 2D OV T H A AL bR R AR BRI A S
A NLES .

e 2 %o R S S 5 T 2R A AR A R R S 4L, 0)
FISF- 1] B A AL BR R 280G o) R KR Jh v 1 3R
RS B R B AR R I BE 0 TR IR S
e 5 1E 7 0] 1 I A B RS F s r R R TR KO Ak A
TR Gr= V2 + ") s = KoRUE Z 5y i)
BRE .

S5 T T B AE S T B A AR R ST ROR
z=z(r) N 3 Fron . R M SEMI&T 5
Z WE T m Il g BBl 3 FT A

dr

tan‘é?:& (D
O X F S T b AT B S I E— L Rk 0 1 R ik
SEAR R AR bR RS B S AT SRR L 6 &

IR L=1CO) s AR A AR AR T 220 (L 0) 3R U T
17 RY - T B AR AR AR AR R IS8 Gy ) IR A bR 2R
TR R 0 2R R
r(0) =1(0)sinfd,z(0) =1(h) cosl
XD AR R TS8O R, 115
tanﬂzg:dr/d@zlisinﬁ-ﬁ—lcgsﬁ
dz dz/d0 1" cosf@—Isind
A 1 =di/do. st (2) aT R H R
d/ __sing tanS+cosd (3)

[ cosf tanf—sinf
OB M AL AR 28T B i B 2 3R o 3k
kA BB 5 T BRI H8 R A E R
Hhy B8 3R S g T L s Xk
? sinf’ tanf + cost

0 cosﬁ’tanﬁ— sind’
Ao 1) Fos R 0=0 B AL bR J5E A 51 5 55 1 11
BEES

2 () RIS # A AR & R B 5 1w Twn 2 2 =Y AR
R, RWWAKREERN KRB E0 M
HARE RS M. RAHM 0 515 5 A br 25 k5
KA ARV 15 R A S LR G &R AR £
SR BR B L BB L AR O F L BIV AT 3k B 9 e
AR HAs . AS A5 RO & E R R
A RRHK O=a -+ 0, Hh o WHBIRE . NE 3
JU R R AT LAAS i -

‘8:(9+(T;—€D) (5)

(2)

do €]

1) = Z(O)epr

BASAERHANLERRERRINX 0=a - 0

A (), i1,
ﬁ:ﬁ+(12*a)(9 (6)

OO RA ) RV RT 5 A ] 4k 56
Z OB 28 K oo IS 9 W 728 S AR ) S v i 2

2 R
2.1 RFigit

FETE B RS B 1 B ) B 2R U A R Y
Sk ¥ 3 S BE AR /N FLCRD R A B BE 4] E D) AL
18 AR 1 T AR O% 55 20 9T Al by 2R VS A 2 L S
B b 2R 2 B B B B i 38 i R B B AL L R
PO S JE s BROF 1 R S R R AR B
BRAlmAERE

K6 a=3 I}, f=n/2—0. LA (4) 115
() =1°(0)/cos (20) W A6 bR F F 1Y S 5 T80 )5
PR P EMEIRR TN T EEY & —r =
1 CO) s RSB 1 B 7 AR AE =R KR AR R R W
FRAEN Ny 2 — (2P 4 7)) =12 (0) , g WU T R 5t
BE . T AR SR IT IR  SUR R BV RS S
BB 4 i, %8 100 =60 mm, 58S M2
30 mmAE A 4 45 4, I S S B R O FE R <f —
(2*+y")=60", YT B JEE h="7.08 mm, I %Y
() 5 I 8 O = tan ™ (/ (LCO) +h) Fy 24.09°,
WO AT R 4 5 R G R A P = 3 X
O A 72.27°, Z2 55 B 1T PR35 Bl 24 144. 5° X 180°,
LR AR R G W0 16 2 80 52 I 8 07 W3 £
KT O s I RGEEEH J/NE I 35 R 9146
fEHE =6 mm, MG RGP ILECRE N AL T
B — R BB 200 B/NFLAR e AR R AT ) BR i
TG H AR I BR A OB IR

r=30 mn{

1

S TR HIIE R

AT

B4 BERERGITRSEIREREVBERSETER
Fig. 4 Model of the initial configuration parameter of the

catadioptric system with undistorted imaging
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Fig. 5 Optical layout of the catadioptric omnidirectional

system
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Fig. 7 Schematic of image transform
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Fig. 8 Distortion image of cadadioptric omnidirectional

system with undistorted imaging
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